Introduction
The U.S. Geological Survey (USGS) recently completed a geology-based assessment of conventional and continuous oil and gas resources of the Devonian Three Forks Formation and Devonian and Mississippian Bakken Formation in the Williston Basin Province of North Dakota, Montana, and South Dakota ( fig. 1 ). Since the 2008 USGS assessment of the Bakken Formation (Pollastro and others, 2008) , more than 4,000 additional wells have been drilled, providing significant geologic data about the Bakken and Three Forks Formations. Furthermore, the Three Forks Formation was not assessed in 2008 by the USGS and accordingly warranted assessment based on significant increases in drilling and production in this formation. Oil is being produced from the Bakken and Three Forks Formations using both horizontal drilling technology, which exposes a larger amount of reservoir to the wellbore than vertical wells, and hydraulic fracturing, which stimulates movement of hydrocarbons in tight-oil reservoirs. Approximately 450 million barrels of oil (MMBO) have been produced from the Bakken and Three Forks Formations in the United States since the 2008 assessment of the Bakken Formation.
Geologic Summary of the Bakken and Three Forks Formations
The Bakken Total Petroleum System (TPS) encompasses strata from the Devonian Three Forks Formation, Bakken Formation, and lower part of the Mississippian Lodgepole Formation that may contain Bakken-sourced oil. The TPS Bakken Formation varies in thickness and lithology and includes sandstone, siltstone, dolomite, and mudstone (LeFever, 1991) . The middle member reaches a maximum thickness of 90 feet near the basin center in North Dakota along the east flank of the Nesson anticline (LeFever, 2008) . The upper shale member of the Bakken is the most geographically extensive member of the Bakken Formation, and it represents the maximum depositional limit for the Bakken Formation. It is thickest to the east of the Nesson anticline with localized thickening (as much as 58 feet) in Stark County in southwestern North Dakota.
The Three Forks Formation consists of interbedded grayishgreen dolomitic mudstones, pink to tan silty dolostones, and anhydrite. It is unconformably overlain by the Pronghorn Member of the Bakken Formation. The Three Forks Formation reaches a maximum thickness of 270 feet in the central portion of the basin (Bottjer and others, 2011) and is divided stratigraphically into lower and upper units, with variable oil saturations.
Geologic Model for Assessment
The geologic model for the assessment of the Bakken Formation and underlying Three Forks Formation is that oil generated in the upper and lower Bakken shale members migrated locally into low-permeability and variable-porosity reservoirs of the middle Bakken member, the Pronghorn Member of the Bakken Formation, and dolomitized units of the Three Forks Formation. Locally, oil was also retained in the low-porosity matrix and fractures of the upper and lower Bakken shale members. A hydrogen index (HI) value of 450 was used to define the boundary of thermally mature source rock in the upper Bakken shale member as indicated by recent USGS research.
The Pronghorn Member of the Bakken Formation, although geologically and stratigraphically defined as part of the Bakken Formation (LeFever and others, 2011), is assessed with the Three Forks Formation. Where present, the Pronghorn Member is in fluid communication with the underlying Three Forks reservoirs.
Assessment Units
Six continuous assessment units (AUs) and two conventional AUs were defined in the Bakken TPS. Five of the continuous AUs and one conventional AU are in the Bakken Formation, and one continuous and one conventional AU are in the Three Forks Formation. Key input data used to assess continuous AUs in the Bakken and Three Forks Formations are listed in table 1.
Bakken Formation
The Middle Bakken Conventional AU is a hypothetical AU defined by the extent of the middle Bakken member within the Williston Basin Province ( fig. 1 ).
The Elm Coulee-Billings Nose Continuous Oil AU is defined on the north by the Devonian Prairie Evaporite dissolution edge, to the northwest by the Brockton-Froid fault zone, on the south by the five-foot isopach of the middle Bakken member, and to the southeast at the boundary of the Nesson-Little Knife Continuous Oil AU. The AU includes production from the Elm Coulee field and along the Billings Nose anticline or "Bakken fairway," which was used to define a geologic "sweet spot" based upon favorable reservoir properties in the Elm Coulee field and structural enhancement of the Billings Nose anticline. The Central Basin Continuous Oil AU is defined largely by the 450-hydrogen index (HI) contour for the upper Bakken shale member. The 450-HI contour includes the Poplar dome region, but this particular area was largely discounted for the addition of potential resource because of the migration of Bakken oil into overlying units in this structure (Lillis, 2013) and the absence of oil in the Bakken Formation. The southern and eastern boundaries of this AU are constrained by the Elm Coulee-Billings Nose and NessonLittle Knife Continuous Oil AUs, respectively. The geologic "sweet spot" is defined as an area with pressure gradients equal to or greater than 0.68 pounds per square inch per foot (psi/ft), based on a contour map by Theloy and Sonnenberg (2013) .
The Nesson-Little Knife Continuous Oil AU western boundary is defined from a structure contour map of the Bakken Formation and includes the Nesson and Little Knife anticlines. The eastern boundary is defined by the 450-HI contour, and the southern boundary is the edge of the Bakken Formation. The geologic "sweet spot" is defined as the area where the formation pressure is equal to or exceeds 0.68 psi/ft (Theloy and Sonnenberg, 2013) .
The Eastern Transitional Continuous Oil AU is defined by the 450-HI contour on the west and wraps around to the 100-ohm resistivity line of Hester and Schmoker (1985) and the 650-HI contour line used by Pollastro and others (2008) . Bakken production in northern Divide County, in northwestern North Dakota, was also included in this AU because the thermal maturity in that area is similar to that along the eastern margin of the Eastern Transitional Continuous AU, and it reflects the transitional nature of the thermal maturity from the center of the basin outward. The geologic "sweet spot" is defined as the area where the formation pressure gradient is equal to or exceeds 0.68 psi/ft (Theloy and Sonnenberg, 2013) and includes Parshall field and the eastern portion of Sanish field.
The Northwest Transitional Continuous Oil AU is also defined on the basis of lower thermal maturities (>450 HI). The western boundary is defined by the 100-ohm resistivity line and 650-HI contour, the northern boundary is placed along the U.S.-Canadian border, and the remainder of the AU follows the 450-HI contour used to define the Central Basin Continuous Oil AU.
Three Forks Formation
The Three Forks Conventional AU is a hypothetical AU defined outside of the continuous AUs by the maximum extent of the Three Forks Formation, which extends beyond the Bakken shale source intervals ( fig. 2) .
The Three Forks Continuous Oil AU is defined by the lateral extent of the upper Bakken shale member in conjunction with the southernmost extent of the Pronghorn Member in North Dakota (fig. 2) . The northern boundary is placed along the U.S.-Canadian border. The geologic "sweet spot" encompasses the region of maximum hydrocarbon generation (as determined by HI values), maximum formation pressures, and structural enhancements related to lineaments and the Nesson and Little Knife anticlines.
Resource Summary
The USGS assessed technically recoverable continuous (unconventional) resources for six AUs defined in the Bakken and Three Forks Formations resulting in estimated means of 7,375 million barrels of oil (MMBO), 6,723 billion cubic feet of gas (BCFG), and 527 million barrels of natural gas liquids (MMBNGL) ( [MMBO, million barrels of oil. BCFG, billion cubic feet of gas. MMBNGL, million barrels of natural gas liquids. Results shown are fully risked estimates. For gas accumulations, all liquids are included as NGL (natural gas liquids). F95 represents a 95 percent chance of at least the amount tabulated; other fractiles are defined similarly. Fractiles are additive under the assumption of perfect positive correlation. TPS, total petroleum system; AU, assessment unit. 
For Additional Information
Supporting geologic studies of the Bakken and Three Forks Formations and the methodology used in the assessment are in progress. Please see the USGS Energy Resources Program Web site (http://energy.usgs.gov).
